Introduction
A trifluoride series BF3 (B = Ru, Co, V, Fe, Ti) is related to different perovskite-type series AB03 (A = Bi, Pb, La, Li and B= Fe, Zr-Ti, Co, AI, Nb, Ta) as being based on the same anion framework. This anion framework can be viewed as generated by linear chains of regular octahedra rotated from the ideal close-packed configuration. Experimental data for these compounds are in excellent agreement with the relationships between atomic parameters and the unit-cell dimensions developed from a study of this model possessing R~c symmetry.
Geometrical relationships
The study of pseudo-symmetric pure compounds or solid-solutions is of considerable interest owing to the unusual physical properties often related to small atomic displacements from a higher symmetry form.
A wide range of atomic structures is based on a framework of regular or slightly distorted octahedra sharing corners. From geometrical considerations of the oxygen framework of LiNbO3, Megaw (1968) proposed a model of regular octahedra sharing corners and topologically able to rotate without distortion around their threefold axes. The resulting model, with R3c symmetry and anions in the 18(e) position of that space group, can be described in terms of a continuous rotation of the oxygen octahedra from two ideal symmetry forms: the hexagonal close-packed and the ideal perovskite configurations.
The magnitude of the distortion can be evaluated by either the angle c~ of the rhombohedral unit-cell containing two formula units or the corresponding axial ratio c/a in the hexagonal cell.
Our purpose is to establish how the atomic positions are correlated with the unit-cell dimensions and to compare the resulting relationships with the experimental data.
The proposed model can be viewed also as being generated by an array of linear chains of rigid octahedra sharing corners and allowed to rotate around their trigonal axes, Fig. 1 . Along this chain, ~0 is the bond angle metal-anion-metal with the metallic atom at the geometrical center %f each octahedron and o9 is the rotation angle of the octahedron from the ideal perovskite position. Thus it is possible to directly relate the atomic parameters x and fp to the rhombohedral cell angle ct:
( 1 + 4(1 -2x) 2 ] = arcos ( 5 + cos ~0 arcos 2 + 4(1 -2x) E ] \ 6-2 cos ~0 ]
Then, by continuity the two high symmetry forms are reached with the following parameters: These relationships are compared graphically with crystallographic data of MBX3 type compounds where the anion X lies exactly or approximately in the 18(e) position of the R'3c space group (hexagonal notation).
Crystallographic data
(1) A series of trifluoride compounds, which can be expressed in terms of vacancies _ ~ by: ~BF3 where B is a transition metal, is first examined. The following classification, due to Hepworth, Jack, Peacock & Westland (1957) , is most appropriate.
(a) The group MoF3 which corresponds to the configuration, co =0.
This group forms the series MoF3, TaF3, l'qbF3 isostructural with ReO3 (Gutmann & Jack, 1951 ; Ehrlich & Pitzka, 1955) . This structure may be described as a cubic close-packing of fluorine atoms in which the octahedral interstices are occupied by metal atoms forming a simple cubic superlattice, and in which one-fourth of the fluorine atom sites, those not adjacent to metal atoms, remain vacant.
(b) The group PdF3 which corresponds to the configuration co = z~/6. PdF3, RhF3 and IrF3 are isostructural. The fluorine array is hexagonal close-packed (Hepworth et al., 1957) . This group forms the isostructural series VF3, FeF3, CoF3, RttF3, TiF3 (Gutmann & Jack, 1951; Siegel, 1956; Hepworth et al., 1957) . The rhombohedral unit-cell is bimolecular. These structures consist of alternately and regularly spaced planes of metal atoms and planes of fluorine atoms perpendicular to the trigonal (hexagonal c) axis. Each octahedron is not perfectly regular but the distortions are negligible for most of the compounds. As suggested by Hepworth et al., the discrepancies from the ideal model may be attributed to variations from stoichiometric composition.
(2) A series of perovskite-type compounds AB03 is also examined. LaCoO3 (Menyuk, Dwight & Raccah, 1967) and LaA103 (de Rango, Tsoucaris & Zelwer, 1966) are isostructural. The space group is R3c. The two cations A and B are in special positions while the BO6 octahedra are slightly rotated from the ideal perovskite-like positions.
(3) The ferroelectric series of BiFeO3 (Michel, Moreau, Achenbach, Gerson & James, 1969) , PbZr0.gTi0.103 (Michel et al., 1969) ; LiTaO3 (Abrahams & Bernstein, 1967) ; and LiNbO3 (Abrahams, Hamilton & Reddy, 1966; Abrahams, Reddy & Bernstein, 1966) . The A andB cations are shifted along the hexagonal c axis from the R-3c special positions. Consequently the oxygen octahedral framework is more distorted from the idealized model and the space group becomes the noncentrosymmetric R3c. Nevertheless the spread of the oxygen distances around the average is still sufficiently small for these octahedra to be considered to be regular to a first approximation. Table 1 lists the different values of ¢, x, c/a and ~ for all the compounds mentioned. The experimental values reported (Fig. 2) are in excellent agreement with the theoretical relationships obtained from the ideal model.
